Abstract. In this research, a design of an active stabilizing assistant system (ASAS) for a bicycle is proposed. Using gyroscopic effects of two spinning flywheels, the ASAS generates assistant torques which can assist the rider to stabilize his/her bicycle in various riding strategies. Hence, it can improve the riding performance and also the rider's safety. To simulate the dynamic behaviors of the system, a model of a bicycle-rider system with the ASAS on the rear seat is developed. This model consists of 14 degrees of freedom and is derived by using Lagrange equations.
Introduction
Modelling bicycle dynamics is always a challenge. Many researchers have addressed bicycle dynamic models. The history and recent discussion of this topic were reviewed comprehensively by Schwab and Meijaard in [1] . One of the most well-known models is the "Carvallo-Whipple bicycle model" which was introduced 1899 [2, 3] . In this model, the rider is considered as a mass that is rigidly fixed to the bicycle frame and, ideally, the bicycle's wheels roll with no slip at the contact points. In 2007, the Carvallo-Whipple bicycle model was benchmarked by the linearized equations of Meijaard et al [4] ; the model was experimentally validated by Koojiman et al [5] .
The Gyroscopic effect has many applications in a wide range of technical fields. This effect generates large torque and fast time responses, so it is used for both active and passive stabilization of unstable dynamic systems. A conventional application of the gyroscopic effect is stabilizing a ship's roll motion as discussed in [5] by Townsend and Shenoi. In aerospace and astronautic engineering, the gyroscopic effect is used in attitude guidance system for spacecraft and satellites in [6] , Lemus and Berry in [7] applied it to develop balance assistance device for human.
A Bicycle-Rider System
A model of a bicycle-rider system with the ASAS on the rear seat is shown in Figure 1 (a) . By rotating the gimbal angles of the two flywheels, the ASAS can generate an assistant torque that helps the rider to stabilize his/her bicycle. The magnitude of the assistant torque in the horizontal direction of the bicycle is the summation of the generated torques of each flywheel
The dynamic model of the bicycle-rider with an ASAS is extended from the equations of motion in of a bicycle-rider system in the previous work [9] of the authors. The design of an active stabilizing assistant system is described in [10] . The ASAS with four bodies ,,
,,
 i j k are used to describe the gimbal angles and the rotational motions of the stabilizing system's flywheels. Figure 2 . A scheme of a rider with the assisted bicycle.
As the dynamic model of the bicycle-rider system, the motion of the new model is described by the motion of the reference point c .There are four additional coordinate variables 1 2 1 2 , , ,     which related to the gimbal angles and the rotating angles of the ASAS are added into the generalized coordinates q . The generalized coordinate system now can be written as
The quasi-velocity vector is also extended to 14  uR,
The Lagrange's equation again is used to derive the system's equations of motion In this dynamic model, the assumption of the rolling without slipping condition as shown in [9] are used. Since the kinematic contact relations between the wheels and the ground are kept the same, the holonomic and non-holonomic constraints equations for each wheel are derived. However, the constraint Jacobian matrix is extended to 8 
Simulation Results
The purpose of this simulation is to compare the bicycle stability without control action of the rider at the self-balance speed. In this simulation, the MPC 1 is deactivated, the steering torque and leaning torque are kept at zero. As shown in Figure 4 (b), the ASAS is considered as an additional mass on the rear seat. Since the longitudinal speed is in the range of self -stability, the bicycle can steer automatically to prevent a fall even without the rider control. The rider upper's body, in this case, moves passively because of its spring and damper parameters. As shown in Figure 5 , the roll angle of both bicycle model oscillates around the upright position. However, the oscillating of the bicycle with ASAS decays faster with small amplitude of steering and leaning angle. After 6 s, the bicycle with ASAS is in the upright position while the traditional bicycle still keeps oscillating until 10 s. The maximum control torques in the transient time reached the maximum value of 4 Nm ( 
the prediction horizon 60 m= and control horizon 18 n= .
Conclusions
In this paper, a complete model of a bicycle with the proposed ASAS is introduced. The efficient of the ASAS in assisting a rider to stabilize his/her bicycle has been shown simulation results. The simulation shows the comparison of a bicycle with and without an ASAS on the rear seat and it proved that the bicycle with the designed ASAS can provide a better handling performances.
